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MEDICAL DEVICES FOR CONTEMPORANEOUS DECISION 
. SUPPORT IN METABOLIC CONTROL ' 

The invention described herein was made in the performance of work under National 
Institutes of Health (Contract Number LR43 DR47730-01 A2) contract. The federal government 
may have certain rights in this invention. 

Cross-Re ference to Related Applications " 
This application is a continuation of U.S. Patent Application 'No. 10/029,909, filed 
December 21, 2001, issued as U.S. Patent No. 6,582,366, which is a divisional of U.S. Patent 
Application No. 09/290,094, filed April 12, 1999, issued as U.S. Patent No. 6,368,272, which 
claims the benefit of U.S. Provisional Application No. 60/081,290, filed April 10, 1998. Each of 
these applications is hereby incorporated by reference in their entireties, including all figures and 
tables. 

Background of Invention 
[0001] In health, all events taking place inside living bodies are controlled by a myriad of 
minute processes, each having outcomes preordained by their DNA templates. One such process 
is the blood glucose metabolism, which is optimized to achieve normoglycemia even for wide 
swings in the predominant effect inputs, food and physical exercise. Illness, on the other hand, is ; 
characterized by the body's inability to maintain control over one or more biological processes. 
Unless correctable by surgery, medication, or other means, the out-of-control condition extends 
to other processes and results in poor patient prognosis. The only alternative left to people 
suffering from "incurable" afflictions is disease, management, that is,Acareful monitoring of the 
parameters of interest, coupled with corrective actions such as insulin injections, dialysis, etc. 

[0002] For example, diabetes patients have little or no endogenous blood glucose (BG) 
control capability, and many must inject insulin to compensate for swings outside the acceptable 
serum glucose range. Similarly, end-stage renal disease patients have lost the ability to control 
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their nitrogen metabolism, and must undergo dialysis, typically for the rest of their, lives. The 
reader will appreciate that many other situations sadly exist, however, because they are 
representative of this entire class of problems, we will limit the examples presented here to 
glucose control and diabetes, and their spin-off, long-term weight management. 

[0003] Diabetes mellitus is a significant chronic disease with no cure, affecting more 
than 16 million Americans and 100 to 150 million jpeople worldwide. In the U.S. it is the fourth- 
leading cause of death each year. (National Institutes of Health /National Institute of Diabetes 
and Digestive and Kidney Diseases: Diabetes in America / Second Edition, NIH Publication No. 
95-1468 (1995)). Its incidence rate among children and teenagers in the U.S. increased several 
fold during the last thirty years, and more than 30,000 new cases are identified each year. It is a 
$156 billion problem for the US economy. 

[0004] A problem of this magnitude naturally generates intense efforts to alleviate it, and 
one landmark study has altered , the course of treatment. The results of the Diabetes Control and 
Complications Trial (DCCT) indicate that tight control of blood glucose levels, results in a 
dramatic reduction of complications, including 76% lower incidence of diabetic retinopathy, 
60% less neuropathy, and as much as 56% fewer cases of nephropathy. The costs to society 
could be drastically reduced, but at the expense of intensive management (more frequent blood 
sugar measurements, multiple daily injections). 

[0005] Technological advances have made it possible for patients to administer insulin at 
home, and to monitor the blood glucose levels (self monitoring of blood glucose, or SMBG) with 
equipment that costs less than $100; test strips and accessories run about $2,000 per year per 
patient, but of course this expense will double with intensive management as suggested by the 
DCCT results. To further improve ease of control, intense product development efforts have led 
to the introduction of a new, rapid insulin (HUMALOG™), and non-invasive blood glucose 
measurement equipment could be marketed within the next few years. 

[0006] However, currently available equipment does not take into account the blood 
glucose dynamics, and invasive blood glucose measurement techniques discourage frequent 
testing. The blood glucose values are therefore known only to a minute extent, because even the 
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most compliant patients will only draw blood and test the glucose concentration less than ten 
times a day. The data available is therefore much too far from the Nyquist sampling rate, and 
very little information results from the individual blood tests. Again, intense product 
development efforts have led to the introduction of statistical process control concepts in blood 
glucose meters, and many now can store several hundred measurements, including the time of 
day and date each value was measured. For a rigid regimen, whereby the patient always eats the 
same meals at the same time, and injects the same amounts and types of insulin every day at the 
same time, the statistical information thus gathered helps with the metabolic control and gives 
the physician the means to assess the patient compliance and adequacy of the regimen. The main 
draw-back of this methodology is that it is all after the fact, while also severely restricting the 
patients' freedom of action in the most basic areas, such as . food and exercise, and rest. 

[0007] This too has a solution, albeit an imperfect one: the "gold standard" in diabetes 
nutrition is carbohydrate counting, a method that allows the patients with insulin-dependent 
diabetes to eat any higher carbohydrate meal, so long as the equivalent amount of insulin is 
administered. There are problems with this also, the two most important being that most patients 
cannot do the conversion, and that not all carbohydrates are equal in terms of their speed of 
conversion to blood glucose. (An extensive amount of information exists on the glycemic index 
of different types of food.) 

[0008] Intense efforts, to introduce noninvasive blood glucose testers will soon bring to 
market equipment that will make frequent testing convenient, but still no predictive capability 
will be added by non-invasive SMBG. The burden of understanding the temporal characteristics 
of the physiological mechanisms of glucose regulation depends on the patients. 

[0009] Those equipped with the knowledge and willingness to devote time are able to 
achieve a good overall level of control, but most patients are overwhelmed and find themselves 
unable to understand what has caused the lack of blood glucose control. For patients who are not 
equipped with the ability to understand such issues, the only way to stay in control is to adhere to 
a very stringent schedule of daily insulin, food and exercise that does not vary from one day to 
another. Such a regimen poses serious compliance and lifestyle problems. For these patients, 
solutions based on mathematical modeling are available: - • ■ . 
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[0010] The body of a healthy person has the endogenous control capability to minimize 
the glycemic challenge to the body, but the diabetes patient has little or no endogenous control 
capability. Maintaining blood glucose levels within normal limits can be treated as a control 
systems engineering problem, which was, and continues to be the object of much research. Those 
who published their work in this field (Heinonen, Porumbescu, etc.) considered the body's blood 
glucose system a classic control system, consisting of a plant whose aim is to maintain control 
over an output (Blood Glucose), in the presence of zero or nonrzero inputs (food, physical 
exercise, insulin), and of perturbations (emotional status, illness). The euglycemic output is 
achieved by feedback: continuously measuring the output values, comparing them to the desired 
state (set point), and initiating compensatory action. By contrast, in diabetes this is an open-loop 
system, in need of an external feedback loop, therefore attempts were made to provide it through 
mechanical means,, ; 

[0011] After more than twenty years of trying, it can be safely said that attempts to 
devise mathematical models for blood glucose metabolism have failed. The reasons are 
numerous, but one of the most important is that models that will work properly for an entire 
population are very complicated and include nonlinear equations. Some degree of success has 
been reported with developing adaptive individual-specific models, which will work in 
conjunction with a strict regimen that does not vary from one day to another: 

[0012] For example, U.S. Patent Number 5,840,020 (Heinonen et al.) addresses the 
adaptive model shown in Figure 4, whereby the error between a predicted value and the actually 
measured value is used to optimize (converge) a dynamical model in a recursive fashion, using 
Widrow's Adaptive Least Means Square algorithm. . 

[0013] Similarly, Porumbescu et al. ("Patient Specific Expert System For IDDM 
Control" in Proceedings of the Fourth Conference of the International Federation of Automatic 
Control / System Structure and -Control, Oct. 1997) report on the development of an Expert 
Equipment that optimizes a dynamical model using Kalman recursive filtering. 

[0014] The rapid spread of increasingly affordable high speed computers gives this type 
of research more impetus, and several researchers have recently reported significant progress. 

J:\MGS\1 00D2\app-as-filed.doc/DNB/sl - * 



5 MGS400D2 

One commercial software package, based on a very simple prediction model has been introduced 
in 1995 (Insulin Therapy Analysis, by IT A Software Inc.). The AID A Interactive Diabetes 
Advisor, which uses a similar modeling and prediction approach is available over the internet. 
Yet another system, KADIS, is in use in Germany as a model-aided education tool for IDDM 
patients. 

[0015] What all these solutions have in common is the inability to process the 
information and generate predictions in an ongoing manner, For this reason they are more in the 
nature of educational tools, than of assistive devices. While they may, to some extent, be able to 
generate sufficiently accurate predictions, those predictions apply only to a known and very 
rigid, set of inputs. And, while with a good /model , the patient will likely be able to generate a 
close enough prediction for one. different input one time, the performance cannot generally be 
repeated several times in a row, because the initial conditions have changed. 

[0016] The complicating factor is that to achieve contemporaneous control, the modeled 
external feedback loop must include not only static corrections, but also predictive elements 
relative to the dynamics of the patient's body. 

Brief Summary 

[0017] The present invention relates to decision support equipment and improved 
methods for providing individuals with means to proactively control their health. The invention 
subject also relates to computing equipment suitable for processing data to simulate the 
dynamics of the metabolic processes and their inputs, in order to generate real time predictions of 
the metabolic status. The subject invention further relates to knowledges-based apparata used in 
controlling management-intensive medical conditions, including apparata for noninvasive assays 
of metabolic analytes. . - 
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. • Brief Description of Drawings 

[0018] Figure 1: A flow chart and block diagram of the software and steps involved. . 

[0019] Figure 2: Diagram showing the system, including software, hardware, and 

patient. 

[0020] Figure 3: Graph illustrating the differences in glucose bio-availability for 
different types of food, computed according to the invention. 

[0021] Figure 4: Prior art illustration of "static" adaptive model. 

[0022] Figure 5: Principle of operation of the wedge-and-Strip position-sensitive 
detector (prior art): The centroid position computation in Wedge-and-Strip patterns is based on 
the following property of the wedge-and-strip inter-digital pattern: An electron cloud, having 
diameter larger than the pitch, lands on the pattern. With the collected charges Qs , Qw as shown, 
and Qo for the substrate, the [X,Y] coordinates of the centroid of the cloud are simply computed . 
as: . ■ • .' , .. ' . . .. 

X-2.Qs/(Qs+Qw+Qo) 
. \ ■ - \ : : • Y-2. Q w /( Qs +Qw *Qo) 
[0023] Figure 6: Optical Spectroscopy apparatus having a wedge-and-strip array as 
photodetector. 

Detailed Disclosure 

[0024] Decreasing costs for computers and communications and increasing pressures to 
contain health care costs promote technology-intensive proactive approaches to health care, 
especially in diabetes, but the invention, is also applicable to any other medical condition where 
measurements are routinely made. The main benefit is that the patient has the ability to 
implement proactive actions that do not affect his or her life style in a major way, which leads to 
greatly improved health outcomes and compliance. 
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[0025] The invention puts control ahead of measurement, giving people the means to 
understand what is happening with their bodies with respect to a set of parameters of interest, 
relying on the fact that proactive control is more desirable than the current test-fix-test, (an 
approach with which one is instinctively comfortable). To that end, the invention provides a 
group of software programs and ancillary equipment to compute an individual patient's profile 
and make contemporaneous accurate predictions regarding how the patient's biological system 
will respond to individual stimuli: predictions are communicated in real time, enabling plans for. 
future actions by verification of good control status, or signaling the need for corrective action. 
Thus, contemporaneous decision support is provided to the patient. 

[0026] The subject invention j provides for customizing traditional population-based 
solutions to an individual patient's needs and adding the time dimension (i.e., attaching a time 
function to each variable of interest). This approach is superior because it allows prevention- 
driven proactive care at the health care consumer level, when the consumer needs the', 
information, not after the fact. It is also more accurate and effective: 

[0027] The invention is based on three basic concepts: 1) Control is more relevant than 
measurement. Devices of the future, which will mimic life itself,. must target the overall success 
of metabolic control - keeping the parameters of interest within the target range - to know any 
value with accuracy and precision is less relevant. A patient-specific system model converges 
much quicker to "good enough" approximations of the outputs of the real systern than one that 
only uses general population data; 2) Proactive control mimics life. In control systems parlance, 
these are "feedforward" systems as opposed to measure-and-cprrect, or "feedback" that we 
accept instinctively. Unlike current devices that test something and generate a value that must be 
processed to generate information, our noninvasive measurement devices aim to use the prior 
knowledge about the dynamics of the system being measured, in order to generate "heads up, in 
or out of control" signals, usable directly by the consumer; and 3) Living things reflect the 
dynamics of their inputs - this is borne by research in system control theory, which indicates that 
stable feedforward systems have structures that are actually governed by the dynamics of their 
input functions. ; 
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[0028] Ultimately, these basic concepts mean that the invention addresses the problem 
from a duality point of view: Dualities between control and estimation problems are useful 
concepts in optimal control theory because by demonstrating a duality, the solution to one set of 
problems can be applied also to the dual set of problems. As discussed by Bernhardsson et al. "A 
duality is demonstrated between optimal feedforward control and optimal decon volution, or 
input estimation. These two problems are normally discussed separately in the literature, but 
have close similarities." Managing a management-intensive disease such as diabetes involves an; 
individual about whom considerable knowledge exists, and knowing when to test is usually more 
important than the test results. With careful consideration of all major inputs and outputs, total 
system models can predict much of what is occurring; therefore total system individual-specific 
modeling is as important as the measurement method, be it invasive or noninvasive. 

[0029] Blood glucose and interstitial fluid glucose dynamics are dominated by smooth 
time functions; that describe the temporal transformation of a food input to glucose (the output): 
To that end, using carbohydrate counting to simulate the system input in conjunction with a 
feedback model, no matter how accurately the carbohydrates are counted, is like hitting a radio 
with a hammer and calculating its Dirac pulse response in order to understand how it's built. 

[0030] The methodology to describe the exogenous glucose dynamics for various foods 
which is part of this invention is the direct result of this challenge. Rather than aiming for 
measurement accuracy and precision, the objective of the invention is to provide the individual 
with sufficient information to achieve proactive metabolic control, including the optimal timing 
and specifics of key activities such as insulin injections, blood glucose measurements, meals, 
exercise, etc. That is, to pursue regimen flexibility instead of rigidity. Using the models for the 
input dynamics results in a drastic simplification of the complexity of the models of the 
metabolic system. 

[0031] Progress in the area of non-invasive SMBG will complement the methodology by 
providing more frequent clinical data points and thus helping the model converge to a sufficient 
prediction accuracy within a shorter time period. For IDDM patients who will not be able to 
afford the non-invasive. SMBG equipment, the use of predictive technology in conjunction with a 
HUMALOG™ (lispro) type of insulin will be able to achieve euglycemia. 
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[0032] The subject invention provides methods of generating ongoing status predictions 
for improved decision support in metabolic control, comprising at least one of the following 
steps: 

(a) entering ongoing information from the user-patient and from biomedical 
assay equipment according to an interactive, time-stamped mode which includes at 
least one of the following sub-steps: 

• (a)(1) selecting and specifying inputs to the living system being 

controlled, plus specific descriptors and quantifiers of said inputs, wherein the 
. said inputs may include nutrients, medication, physical activity, illness, or 
hormonal challenges; 

(a)(2) recording individual-specific anthropometrical, medication 
prescriptions, and treatment regimen data, wherein the said treatment regimen 
data also includes physician-prescribed metabolic control guidelines, including 
rules that define the "in-control range" and "sufficiently close" terms; 

(a)(3) selecting output parameters and entering their measured values; 

and . 

(a)(4) selecting hypothetical inputs, wherein the user can evaluate a 
. course of action over other possible actions. 

(b) . accepting or rejecting said input and output values and storing the 
information contained therein in appropriate memory areas, wherein each associated 
time stamp is properly stored as well; • 

(c) assigning to each said specified input an appropriate time function 
describing its dynamic characteristics and computing the predicted values thereof in 
an ongoing manner, starting said predictions from the time of the appropriate time 
stamp data; * 

(d) assigning to each said output parameter a mathematical model describing 
its dynamic interactions with the said inputs and improving said mathematical model 
by making it individual-specific by the following sub-steps: 

(d)(1) accepting individual-specific anthropometrical data and 
storing the information contained therein in appropriate memory areas; 
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(d) (2) performing appropriate computations, wherein said 
anthropometric^ data is incorporated in each said output parameter 
mathematical model; 

(e) generating ongoing metabolic status predictions by combining all previous 
relevant said inputs with said individual-specific mathematical models, wherein the 
accuracy of the said predictions is improved by one or more of the following sub- 
steps: . 

(e) (1) selecting from' the universe of possible mathematical 
models only those that meet physiologically meaningful periodicity criteria, 
wherein they reflect circadian, menstrual and other applicable cycles that affect 
the process; and , ' " 

(e)(2) further improving the said mathematical models by 
selecting from the universe of possible mathematical models only those that 
lead to predicted values that are "sufficiently, close": to the actual measured 
values. 

(f) recording, revising and storing the prescribed individual-specific 
medication and control parameter limits, wherein a health practitioner sets boundaries 
on the type of actions the patient can take; and 

(g) communicating to the patient the need for proactive corrective action, 
wherein any such need is determined by considering steps (e) and (f). 

[0033] The subject invention also provides methods for estimating the ongoing "dynamic 
bio-availability" of metabolites subject to control, comprising at least one of the following steps: 

(a) dividing the intake matter into distinct components, whereas each 
component is uniquely characterized by the dynamics of its transformation into a 
metabolite; 

(b) assigning each said distinct component to an elementary category, wherein 
each category is described mathematically by a category- specific time function; 
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(c) calculating the time functions corresponding to the said distinct 
components, by accounting for all relevant quantifiers available for the intake matter; 
and - • ■ 1 I ■ '■ 

(d) calculating the combined effect of said elementary components as a 
function of time. 

[0034] The intake matter may be. food, and the metabolites are "exogenous glucose" from 
food. Category-specific time functions are described by a time function having a general form 
such as would be required to describe mathematically the output from a chain of N compartments 
connected with one-way fluxes . of the same rate a, given for example by, but not limited to, the 
expression: 

EG(0'-a N t N - l c' ai /(N- \)l \ • 

wherein "EG(t)" is elementary food component glucose activity time function; "t" is a 
length of time measured from the time stamp of entered data, such as the time the food was- 
consumed; "a" is the flux rate of elementary food categories; and "N" is the number of 
compartments. In various embodiments, "a" is a population averaged value, "a" is specific for a 
given individual, or a =12 for all sugars, a=l/L5 for starchy glucose, a= 1/2 for starchy galactose, 
a=l/3 for starchy fructose, a=l/5 for protein, and a= 1/8 for fats and N=l to 5; Some 
embodiments provide for N=4; 

■ ■ • ■ ** 

[0035] Elementary food categories are simple sugars, starches, protein, and fat, wherein 

each of the said elementary categories is described by a unique pair of coefficients a and N. The 

elementary food categories are further refined by executing at least one of the following steps: 

(a) dividing each food category into sub-categories, each said sub-category 
being described by its unique pair of coefficients a and N; 

(b) dividing the food category "starches" into three sub-categories 
corresponding to glucose-based, galactose-based, and fructose-based carbohydrates; 
and 
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- ■■' (c) adjusting the values of any said pair of coefficients a and N to reflect any 

individual-specific differences in ability to process the said category or sub-category 
of food*. 

[0036] Contemporaneous decision support in metabolic control may be achieved for 
diabetes, by pursuing two or more of the following steps: 

(a) generating time functions describing the time course of the exogenous 
. glucose following a meal, according to the methods provided herein; 

' (b) generating time functions describing the .time course of the exogenous 
insulin following an injection or infusion pump action, according to the following 
/ method: , 

: (b)(1) generating specific time functions having a general form such as 

; would be required to describe mathematically the output from a chain of N 

compartments connected with one-way fluxes of the same rate 6, given for 
example by, but not limited to, the expression: 

/(^-^t N, e M /(N-l)! ' 
wherein "I(t)" is an exogenous insulin time function; "t" is a length of time 
measured from the time stamp of entered data, such as the time the particular insulin 
was injected; "a" is the flux rate of various insulin types; and "N" is the number of 
compartments. In various embodiments, "b" is a population averaged value, "b" is 
specific for a given individual, or b=1.0 for regular insulin, b~0.5 for NPH insulin, 
b^0.25 for lente insulin, and b=0.2 for ultralente insulin. N can be a value from 1 to 
5. Some embodiments provide for N=4; 

(b)(2) refining said exogenous insulin time functions by accounting for 
the differences , in insulin bio-availability experienced by the patient depending on 
the injection site; and 

(b)(3) refining said exogenous insulin time functions by accounting for 
the differences in insulin bio-availability experienced by the patient depending on 
the patient's degree of insulin resistance. 
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(c) generating time functions describing the time course of the physical 
exercise and other, manually-entered inputs, according 

(c)(1) generating specific time functions having a general form such as 
would be required to describe mathematically the output from a chain of N 
compartments connected with one-way fluxes of the same rate c, given for 
example by, but not limited to, the expression: 

PE(t) ^:/t N V c(t ~ d V(N : 1)! • ' : ■ 

wherein c takes specific values for each different type of exercise, and d is 
- a delay factor; and ' 

(c)(2) refining said physical exercise time functions by accounting for the 
differences in insulin bio-availability experienced by the patient depending on the 
injection site; and 

(c)(3) accounting for the additive or subtractive effect of illness, 
medication, or hormonal challenges by correcting the insulin input information 
accordingly. 

[0037] The subject invention also provides a personal assistive apparatus for 
contemporaneous metabolic control, wherein a health practitioner programs the. prescription and 
limits the type and . extent of actions a patient is allowed to take by means of a hierarchical 
software structure. The invention ialso provides an apparatus for computing the bioavailability of 
exogenous glucose and other nutrients contained in food, consisting of: 

(a) an interface and control device that accepts user input and provides 
information for the assessment and control of the ongoing metabolic state of the 
individual user; 

(b) a data storage device containing an addressable food data base, and 
software wherein each element in the said food data base is decomposed yectorially 
into elementary food categories; 
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(c) a data storage device that contains a plurality of coefficient values and 
time function formats, wherein such coefficients and time functions appropriately 
describe the expected variation in time- of one or more metabolites in vivo, under 
certain input conditions; and 

(d) software and means for computing and storing the predicted input time 
functions for the characteristics of the specified inputs. 

[0038] The personal assistive apparatus for contemporaneous metabolic control may 
further comprise a means for determining the current- values for at least one output parameter, 
such as the blood glucose level, wherein such determination results from direct input by the 
individual patient, or from direct download from an instrument measuring the concentration "of 
said blood glucose; software and means for computing the estimated current values for the said 
blood glucose level; software and means for comparing the estimated current values for the said 
blood glucose level with their contemporaneous measured correspondent values, in order to 
optimize the mathematical model of the metabolic control system; software and means for 
predicting values for the future state of the blood glucose level, including means to decide if and 
when said blood glucose values are expected to fall outside the range defined by the "in-control" 
rules; and/or a means for alerting the user whenever any such predicted output parameter values 
fall outside the range defined by the "in-control" rules. The device may also present information 
to the user, through a graphical user interface, a color-coded or pictorial representation of the 
time course of the blood glucose, enabling the user to assess how every new action taken will 
modify the said representation. . 

[0039] The personal assistive apparatus for contemporaneous metabolic control may 
further comprise a means to compute and store functions indicative of the degree of control 
achieved by the individual patient over a period of time, such functions consisting typically of 
the aggregation of the severity-weighted time integrals of all out-of-control situations likely to 
have been experienced by the patient over the reporting period. Additionally, the personal 
assistive apparatus for contemporaneous metabolic control can further comprise at least one of 
the following devices: an insulin infusion pump; a blood glucose meter; a modem for 
communicating with other computers; wireless communication means for emergency situations; 
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a meter that can test both glucose and fructosamine in the blood; a non-invasive blood glucose 
meter; a minimally-invasive blood glucose meter; a transdermal glucose measurement system. 
Alternatively, the personal assistive apparatus for contemporaneous metabolic control may 
further comprise, an intelligent sensor consisting of at least: an optical spectroscopy apparatus 
employing at least One Wedge-and-Strip Position-Sensitive Photo-Detector, including means to 
detect the location of light pulses by employing analog decoding means; a means to illuminate a 
portion of a patient's body and . onward the said Wedge-and-Strip Position-Sensitive Photo- 
Detector with light in certain portions of the infrared spectrum, wherein such illumination may 
be applied in a pulsatory fashion; a means to synchronize such light pulses, with certain 
biological events, such as the heart beats; a means to accumulate the pulses read by the Wedge- 
and-Strip Position-Sensitive Photo-Detector into a histogram; means to calibrate the, said optical, 
spectroscopy apparatus by correlating the number of counts per second recorded in a certain 
portion of the histogram with the glucose concentration; a means to modify the duration of the 
measurement; and/or software for adapting the duration of the measurement according to the 
degree of prior knowledge about the analyte. 

[0040] The personal assistive apparatus for contemporaneous metabolic control can 
further comprise software for optimizing the peritoneal dialysis prescription of patients with 
diabetes who suffer from kidney disease or for optimizing the metabolic control regimen of 
pancreatic or protected beta-cells transplantation patients. The software can be optimized for the 
metabolic control regimen of newly diagnosed diabetes patients in a hospital or clinic, setting. 
Alternatively, the software provides for optimizing the metabolic control regimen of astronauts 
during space flights or for optimizing the metabolic control regimen of people with special 
glucose metabolism needs, including but not limited to patients under intensive care, patients 
who have suffered trauma, premature babies, or people involved in performance sports. 

Definitions 

[0041] The term "acceptable serum glucose range" is intended to mean glucose levels 
above 50 mg/dl and below 300 mg/dl more preferably 80 mg/dl to 200 mg/dl and most 
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preferably about 100 mg/dl. It will be understood by those skilled in the art that levels of about 
50 mg/dl are considered low and that levels of about 300 mg/dl are considered, high, although 
acceptable in the sense that these levels are generally not fatal. 

[0042] Insulin Dependent Diabetes Mellitus, or IDDM is a syndrome of disordered 
metabolism, leading to hyperglycemia due to an . absolute, deficiency of insulin secretion. The 
only known way to prevent the patient's death is by administering insulin. 

[0043] The term "metabolism" is used here in its general sense, and it summarizes the 
activities each living cell carries on. 

[0044] The term "dynamic bio-availability" reflects the time course of a certain 
metabolite, typically expressed as the changes in its quantity in blood. 

[0045] The term "exogenous blood glucose" means glucose appearing in the blood 
stream as a result of the steps involved in assimilating food. 

[0046] The term "in-control range" is a patient-specific term, reflecting the physician's 
assessment of the range of values within which a patient must try to maintain the metabolite 
being controlled. ; ' . 

[0047] Insulin Dependent Diabetes Mellitus, or IDDM is a syndrome of disordered 
metabolism, leading to hyperglycemia due to an absolute deficiency of insulin secretion/ The 
only known way to prevent the patient's death is by administering insulin. 

[0048] Normoglycemia is a patient-specific state, which can be thought of as a metabolic 
set point of 100 mg/dl, within a "normal range, of 60 to 120 mg/dl. The specificity means that, for 
example, a person's blood glucose may never exceed 120 mg/dl, while another's may exceed 
150 after every meal due to that person's increased resistance to the counter-regulatory hormone 
insulin, or it may go below 50 mg/dl every day, due to some prolonged physical strain at work, 
or due to over-excretion of insulin. 

[0049] The term "sufficiently close" is used here in the following sense: a confidence 
band of physiologically-significant width around the measured metabolite values, that must 
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contain all the predicted values for that metabolite for the same time stamp and input history 
combinations. 

[0050] The term "time-stamped", as used in conjunction with information events entered 
into the device, means associating each such event with the correct time it has occurred, either 
through mechanical means or by having the user actually enter the correct time into the device. 

[0051] While there have been described what are believed to be the preferred software 
and hardware embodiments of the invention, those skilled in the art will recognize that other and 
further modifications may be made hereto without departing from the spirit of the invention, and 
it is intended to claim all such embodiments as fall within the true scope of the invention. 
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